Abstract
project to identify priority industries and regions for setting up clusters in Russia was implemented in the late 2000s [Kutsenko, 2009; Kutsenko et al., 2011; Danko, Kutsenko, 2012] . In 2015, the Russian Cluster Observatory launched the Cluster Initiatives Map with detailed accumulated information about the approximately 100 clusters which provided relevant data. 2 If government policies and support initiatives match the actual specialization areas of regions with the highest cluster development potential, the risks of pursuing an inefficient cluster policy are lessened. However, advanced tools to identify prospective development areas are applied relatively rarely. For example, only localization coefficients were used in the Upper Austria region to select clusters for government support [Pamminger, 2014] . However, even such relatively simple instruments significantly reduce the risks. We are not aware of any efforts to directly apply specialized tools to identify prospective industries in any Russian region that supports clusters. The development and testing of such tools hence seems to be a relevant practical step to increase the effectiveness of Russia's cluster policy. Other important success factors of such policies, which should be considered when selecting clusters, include the following:
• The predominance of private initiatives [INNO Germany AG, 2010, р. 108; Hagenauer et al., 2012, р. 2; Abashkin et al., 2012; Lindqvist et al., 2013; Kutsenko, 2015] ; • The prioritization of small and medium businesses' interests [Dohse, Staehler, 2008; Eickelpasch, 2008; DGCIS, 2009; Pro Inno Europe, 2009; Christensen et al., 2012; Lindqvist et al., 2013] ; • A wide range of cluster participants and promoting competition (not just cooperation) between them [Porter, 1998; Pamminger, 2014; Kutsenko, 2015] . One of the major drawbacks of the Russian pilot ITCs is, in our opinion, the insignificant number of small enterprises in them, and their insufficient interactions. Small enterprises are most interested in joining clusters, as well as in planning and implementing joint projects. Coordinating on projects means they can consolidate resources to deal with common problems that would be unsolvable by any single company on its own. According to our calculations, the share of small and medium companies in the total number of pilot clusters' participants is much lower than in European countries Bortnik et al., 2015] . In international projects to identify clusters, the above-mentioned factors are not currently taken into account directly. In other words, there is a gap between theoretical knowledge on the one hand, and providing expert support to decision makers on the other. The objective of this study is to make a methodological contribution to identify industries with the highest cluster development potential regionally. Complementary to other factors such as the level of competition and support for small businesses, our proposed methodology will be tested by comparing indices reflecting the clustering potential of Russian regions in selected economic activity types with data on the location of pilot clusters selected for support by the Russian Ministry of Economic Development.
Data sources and methodology
Special clustering indices were calculated to identify industries with high clustering potential. To this end, we applied the following algorithm based on the European Cluster Observatory's methodology [Zemtsov, Bukov, 2016] . In the first stage, all Russian pilot ITCs were broken down by high-tech industries 3 in accordance with their main specialization 4 based on the Russian classification of economic activities, called OKVED ( Table 1 ). Note that some clusters specialize in several high-tech industries. Statistics collected for all selected economic activities matching the specialization of pilot ITCs show the number of companies operating in various Russian regions in 2013, their revenues, and total number of employees. Calculations were based on data available in the SPARK 5 and RUSLANA 6 databases.
In the second stage, we estimated each company's share of total revenues, and the total number of employees of all firms specializing in the selected industries in each Russian region. Based on these 2 See http://map.cluster.hse.ru; last accessed on 16.06.2016. 3 According to Rosstat's classification [Rosstat, 2014] Ulyanovsk-Avia research, education, and production cluster (Ulyanovsk Region: Ulyanovsk)
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(1),
Where: HH -monopolization (or concentration) factor 7 (Herfindahl-Hirschman Index) for industry i in region g; n -number of companies specializing in the industry in the region; s -share of company f; Emp -number of employees; Sale -revenue (million roubles) The opposite indicator (1-HH) may be called the deconcentration index: the higher its value, the lower the monopolization level of the regional economy. In the third stage, localization factors were calculated for the relevant industries in each region using three parameters: the number of companies, revenues, and the number of employees. Three characteristics were used for mutual verification purposes:
Where: LQ -localization factor for industry i in region g; Firm -number of companies; R -Russian average value of the indicator. In the fourth stage, the relative sizes of the regional industries (Size) were calculated i.e. the total relevant regional companies' share in the total value of the industry's indicator for the national economy. In the fifth stage, we normalized the calculation results using a linear scaling formula to reduce the indicator values to the [0;1] interval in order to ensure their compatibility.
(9), Where: Ind -normalized index of industry i in region g for characteristic Inc: number of companies, employment, and revenues. In the sixth stage, we calculated the Clustering Potential sub-index for each characteristic.
, Cluster_subind ) (13), Where: Cluster_Ind -an index of the clustering potential of industry i in region g. The Clustering Potential index describes the conditions for the emergence of clusters taking into account the industry and regional characteristics. This index enables state support to be based on a more rigorous (in an objective and methodical sense) method for selecting clusters.
Verifying the selection of innovative clusters in Russia
We calculated the clustering potential indices for all regions with pilot ITCs according to the industrial specialization, and subsequently compared them with other Russian regions. This enabled us to check whether the selected ITCs were located in regions with the highest values of the above-mentioned index. In addition, this procedure allowed us to identify new regions where similar high-tech clustering initiatives could be efficiently supported.
Pharmaceuticals and biotechnology
Thanks to many small and medium enterprises, 9 the Russian pharmaceutical industry is one of the most promising industries from the perspective of cluster policy. The averaged deconcentration index for the industry (formulas (1) and (2)) in the supported regions exceeds 0.75 (Table 2 ). Six pilot clusters are supported in this field -the highest number among all industries. About 1,500 companies are operating in the city of St. Petersburg and the surrounding Leningrad Region. The leaders of the pharmaceutical industry are Polysan, Biocad, Vertex, Geropharm, etc.; leading producers of medical equipment include Electron, ASK-Rentgen, Thermo Fisher Scientific, Trives. Among ITC participants, we also see some R&D organizations such as the Yefremov Institute of Electrophysical Instruments, St. Petersburg State Chemical and Pharmaceutical Academy, the S&T Centre RATEC, and others. Unsurprisingly, the highest clustering potential index was measured in the city of Moscow (Figure 1 ) which has 4,177 companies -producers and suppliers of pharmaceuticals and medical equipment. Here, the industry's deconcentration index is 0.97. Several large companies operate in the city, such as the Moscow Pharmaceutical Factory, Semashko Moskhimpharmpreparaty, Bryntsalov-A Co., and several other high-tech firms. Among medical equipment producers, the Kazakov Moscow Instrumentation Plant and Unimed deserve a special note. We also note a high concentration of companies specializing in this industry in the following regions:
• Nizhny Novgorod region: 275 companies, the largest being Nizhpharm, the Nizhny Novgorod Chemical and Pharmaceutical Factory; • Sverdlovsk region: 306 companies, the largest of which is MEDTECHNIKA; • Republic of Tatarstan: 306 companies, of which the largest is the Kazan Medical Instruments Plant.
Information and communication technologies
Five ITCs were selected in the ICT sector. The low industry concentration index indicates favourable conditions for implementing cluster initiatives (Table 3) . * In this and subsequent tables, the relevant indicator is measured using a deconcentration index (see notes for formulas (1) and (2)). Source: compiled by the authors. Regions with a high potential for developing ICT clusters include the city of Moscow (27,000 companies), Rostov and Sverdlovsk regions, and the Republic of Tatarstan with its significant number of companies and high clustering potential.
Aerospace technologies
Five ITCs have been created in this sector with public support (Table 4) . Regions where aerospace ITCs are located serve as home bases for industry leaders such as Kuznetsov Co.
(Samara), a key aerospace propulsion engineering enterprise; Proton-M (Perm), a manufacturer of liquidfuel rocket engines; Aviakor (Samara), a major player in the passenger aircraft construction, repair, and maintenance market; AeroComposite-Ulyanovsk (Ulyanovsk), a manufacturer of aircraft construction elements, etc. The Gagarin Komsomolsk-on-Amur Aviation Plant, a manufacturer of the Russian medium-haul airliner Sukhoi Superjet 100, is located in Khabarovsk region. 
Petrochemical industry
Three pilot ITCs are currently being supported in the petrochemical industry: in the Republics of Bashkortostan and Tatarstan, and in Nizhny Novgorod region (Table 5 ). The deconcentration index in the above-mentioned regions is about 0. (Figure 4 ), although certain specifically Russian aspects such as legal entities being registered at their headquarters' location (i.e. in many cases, in the national capital) must be taken into account. Thus, statistics do not always reflect the actual location of production facilities. All major petrochemical companies operating primarily in Western Siberia are registered in the Moscow capital region, which significantly skews the geography of the Russian petrochemical industry. A trend towards clustering was also displayed by petrochemical companies in Yaroslavl, Omsk, and Samara regions. 850 firms specializing in this industry operate in the latter region, with an average diversification level exceeding 0.85.
Instruments and electronics
This industry's diversification index is close to 1, not just in the regions where relevant clusters already receive government support but in several other areas as well. This indicator value suggests a high potential for both cooperation and competition between cluster participants (Table 6 ). The official list of ITCs features just one cluster specializing in instrumentation engineering and located in Saransk (Republic of Mordovia). This cluster's production potential (132 companies) is much lower than the city of Moscow's, the leader region with Zemtsov S., Barinova V., Pankratov A., Kutsenko E., Number 
Shipbuilding
Two ITCs have been established in the shipbuilding industry in Archangel region (the companies are located in Severodvinsk and Archangel), and Khabarovsk region (the cities of Khabarovsk and Komsomolsk-on-Amur). There are about 120 and over 50 shipbuilding companies in Archangel and Khabarovsk regions respectively. Our calculations show that the clustering potential of the selected regions is lower than in St. Petersburg, Primorsky, Astrakhan, and Murmansk regions. This opens up opportunities for establishing alternative shipbuilding clusters, provided they can successfully complete the initial organizational stage. In Archangel region, the low clustering potential is primarily due to the high monopolization of the shipbuilding industry due to the activities of the undisputed industry leaders such as the biggest in Russia Sevmash Co. and Zvezdochka Ship Repair Centre (the latter generates more than 90% of all shipbuilding industry's revenues in the region). R&D organizations also play a major role, specifically the Onega Design and Research Bureau, Shipbuilding and Marine Arctic Machinery Research Institute of the Lomonosov Northern (Arctic) Federal University, and the North-Western Branch of the Safe Nuclear Energy Institute of the RAS. Khabarovsk region has even less favourable conditions for creating a shipbuilding cluster than Archangel region. For example, the number of relevant companies here does not exceed 100, while the monopolization level is higher. The Amur Shipbuilding Factory Public Company is the only large shipyard, generating practically all revenues and employing all regional shipbuilding workers. 
Automobile industry
The Russian automobile industry was booming in the second half of the 2000s, fuelled by investments by major global corporations including Volkswagen, Toyota, Nissan, Ford, Volvo, Hyundai, etc. Clusters comprising significant numbers of small and medium companies (mainly supplies of parts and components) emerged around large plants, built during the Soviet period and subsequently. Automobile clusters were established in two regions: Nizhny Novgorod region and the Republic of Tatarstan (Table 8) . They comprise major Russian automobile factories such as GAZ Group (Nizhny Novgorod Region) KAMAZ (Naberezhnye Chelny, the Republic of Tatarstan), and Ford Sollers Elabuga (Elabuga, the Republic of Tatarstan). The above-mentioned regions also serve as home bases for other major companies such as Pavlovo Bus Factory and Zavolzhsky Motor Factory (Nizhny Novgorod Region), and Elabuga Automobile Factory (Republic of Tatarstan).
Prospective regions in terms of developing automobile clusters also include Samara region (421 firms, of which the largest is AutoVAZ), Ulyanovsk region (153 companies, the largest being Ulyanovsk Automobile Factory), and the city of Moscow (431 companies, the biggest are the Likhachev Plant and Renault Russia (until 2014, ' Autoframos'). The geographical distribution of automotive companies also prompts one to note St. Petersburg (with 188 firms), which has assembly plants of Toyota, Nissan, General Motors, Hyundai, Scania (buses) and Magna (a car parts factory). Moreover, Kaluga and Kaliningrad regions have car assembly facilities. 
Таble 8. Clustering potential of the automobile industry

Other industries
Coal is not traditionally considered a high-tech industry. However, related industries, primarily coal chemistry and waste recycling, do have significant innovation potential. A pilot ITC in this sector was created in Kemerovo region which has the best conditions for developing such clusters: 715 companies specializing in the coal industry operate in this region, employing about 67,000 people. Along with major firms such as SUEK and Belovskaya Mine, the cluster participants include R&D and educational organizations, namely Kemerovo Research Centre of the Siberian Branch of the RAS, Gorbachev Kuzbass State Technological University, and the Siberian State Industrial University. Structurally closer to a classic territorial production complex, this cluster is designed not so much to promote the development of the coal industry in Kemerovo region as to provide systemic support to new industries such as coal chemistry, waste recycling, and environmental protection. Potential competition to Kemerovo region could come from the Republic of Khakassia, Krasnoyarsk, Rostov, and Sakhalin regions. The methodology that we have presented in this paper for estimating the match between regions with pilot ITCs and the actual conditions affecting cluster development in Russia is more applicable in the civilian sectors of the Russian economy. Applying this methodology to monitor 'closed' strategic industries is not possible due to the lack of publicly available relevant data. Some of these industries, however, are represented in the pilot ITCs, including new materials (the titanium cluster in Sverdlovsk region), Таble 7. Clustering potential of the shipbuilding industry radiation technologies (the city of Moscow, Moscow, Nizhny Novgorod, and Ulyanovsk regions), and the production of nuclear materials (Moscow, Ulyanovsk, Nizhny Novgorod, and Krasnoyarsk regions).
Types of pilot innovative clusters in Russia
Measuring the clustering potential of Russian pilot ITCs in high-tech industries has shown that the economic activities considered are not equally suitable for implementing such initiatives. The differences are due to their diverse territorial distribution, the existing market structure, and the shares of small and medium businesses. The industries described above can be notionally divided into three groups, based on their clustering potential (in descending order). Industries with the highest clustering potential index include pharmaceuticals, production of medical equipment, and biotechnology; ICT; instrumentation engineering (production of electrical machinery), and electronics. The above industries display a high level of innovation activities, are concentrated in regions with the highest innovation potential [Baburin, Zemtsov, 2013] , and most of the pilot ITCs specialize in them. Other Russian regions also have significant potential for the emergence of new clusters; this is particularly important in light of the programme for industrial clusters launched by the Russian Ministry of Industry and Trade in 2016. Recent overall government spending cuts increase the need to more carefully select recipients of public support. The clustering potential of industries can be an important criterion of such selection, together with clusters' characteristics (number of cluster participants, number of companies' employees, amount of investment, export potential, etc.), and cluster participants' specific projects. Our study covered a limited range of economic activities. Hence, further research should identify more industries that are receptive to cluster policies. At the same time, statistical classifications tend to become obsolete quite quickly and data analysis takes time; in other words, such methodologies are admittedly unsuitable for detecting emerging industries. 10 That does not imply, however, that the cluster approach is useless. On the contrary, it may potentially prove the best way to provide systemic support to fastgrowing companies (gazelles) when they are expanding, establishing close links with universities and R&D organizations, and interacting with state-owned companies. Moreover, a cluster approach can help to fine-tune various government policies, in particular to promote exports and technology transfer. The significance of supporting emerging industries suggests that they should be included in the group with the highest clustering potential to implement cluster policy. Next comes the group of industries that are important to the Russian economy: those with an established territorial structure of production facilities and a high degree of monopolization due to the presence of very big companies. Such sectors include petrochemicals, shipbuilding, coal, aircraft and spacecraft construction, propulsion engineering, and automobiles. Many of these can be classified as Russian hightech industries which define the country's technological image globally. Other industries in this group have matured or are in decline. The probability of gazelle companies emerging in such sectors is lower, while the chances of encountering the 'self-blocking effect' are much higher. Supporting clusters in such industries is hindered by the problem of regional networks who are less interested in promoting innovation and more in preserving the status quo in the economy. Under such circumstances, the government should play a more active role, helping industries to adjust to future markets and restructure their production, in particular by increasing the share of small and medium companies making highquality products. One specific measure that could be introduced is to make it compulsory to link relevant cluster projects with the results of the Russian Long-Term S&T Foresight or with the National Technology Initiative's roadmaps. The third group of industries comprises production of new materials (e.g. the titanium cluster in Sverdlovsk region), and nuclear and radiation technologies (we lack reliable data about the latter). These spheres are among the hardest for new companies to enter and freely operate in the market, while the existing players are managed and controlled by the government. This eliminates the potential for this group to be expanded by new private businesses coming in. However, supporting such clusters did bring some results during the first, experimental stage of implementing cluster policy in Russia. Government efforts have led to dozens of diverse clusters operating in various Russian regions by 2016, including innovative, industrial, agro-industrial, medical, and tourism clusters. In almost all regions where pilot ITCs are located, new clusters and cluster centres have emerged in the last three years. Accordingly, compared with 2012 the situation has now noticeably changed; hence, government policy needs to move to a new stage that includes the following steps:
• Conducting an audit of supported clusters to establish whether they act as innovation-promoting networks, or as regional lobbyists protecting the status quo of an outdated industry structure; • Taking into account the reputation of clusters (networks) when making decisions about granting them public support; • Adjusting the mechanism for providing support to innovative clusters: a) supporting joint projects by cluster participants; b) introducing requirements for private investment in every publicly supported joint project; c) linking joint projects up with relevant technology agendas (e.g. Russian S&T Foresight, National Technology Imitative); • Further integration of the cluster approach into industry promotion programmes of federal agencies that are responsible for de facto existing clusters (Ministry of Agriculture, Ministry of Communications, Ministry of Energy, and Ministry of Health). Accordingly, further support to the third group of clusters should be provided only if they meet the new requirements described above.
Conclusion
The original contribution of this paper lies in its proposed approach to identify industries with a high clustering potential, namely in factoring in the degree of monopolization of regional markets to minimize distortions of the data by the activities of large companies. Moreover, we took into account an indicator of the number of companies to identify small and micro-companies for which there are no reliable data on revenues and number of employees. We assessed the degree of match between the pilot ITCs supported with public funds and the actual regional entrepreneurial and competitive environment. Overall, the overwhelming majority of clusters selected by the Russian Ministry of Economic Development are located in regions with a high clustering potential in the relevant industries. At the same time, we also found some Russian regions with equivalent, or even more favourable, conditions for implementing a proactive cluster policy than in the selected regions. In particular, we showed that shipbuilding companies in the city of St. Petersburg, Astrakhan, Primorsky, and Kamchatka regions have a higher clustering potential compared to Archangel and Khabarovsk regions. Pharmaceutical clusters established in the city of St. Petersburg, Moscow, Tomsk, Kaluga, Novosibirsk, and Altai regions have potential competitors in the city of Moscow, Nizhny Novgorod region, and the Republic of Tatarstan. Petrochemical clusters are supported in the Republics of Tatarstan and Bashkortostan and Nizhny Novgorod region, while Krasnodar and Samara regions' clustering potential is no less than that in Nizhny Novgorod region. In addition to the information and communication technologies clusters that receive public support (the cities of Moscow and St. Petersburg, Tomsk, Moscow, Novosibirsk, and Nizhny Novgorod regions), Perm, Rostov, and Sverdlovsk regions also have high clustering potential in this industry and show comparable numbers of relevant companies generating similar revenues. Aerospace clusters in the Perm and Ulyanovsk regions have lower clustering potential than in the capital areas of the cities of Moscow and St. Petersburg, and the Moscow region. In the electronics industry, Technopolis GS in the region of Kaliningrad and relevant companies in Penza region did not receive government support, although they did apply for pilot ITC cluster status in 2012. It should be noted that a condition of inclusion in the list of pilot ITCs was the presence of a coordinator organization capable of adequately preparing the application in a relatively short time frame. We believe that explains why certain promising clusters were not on the list approved by the Russian Ministry of Economic Development. This testifies not so much to the faulty selection methodology applied by the federal agency but rather to the low level of applicants' organizational abilities or the insufficient activity of regional authorities. We divided all high-tech ITCs into three groups based on the value of their clustering potential index. The first group comprised pharmaceuticals, production of medical equipment and biotechnology, ICT, instrumentation engineering (production of electrical machinery), and electronics. The second group included the petrochemical industry, shipbuilding, coal industry, aircraft and spacecraft construction, propulsion engineering, and the automobile industry. The third group of industries included the production of new materials (e.g. the titanium cluster in Sverdlovsk region), nuclear, and radiation technologies. Each of the three groups mentioned above require a specific kind of cluster policy. Industries of the first group would benefit from state support for new clusters, the engagement of 'sleeping' regions, and an
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References extended set of regulatory tools. Policy recommendations for the second group of ITCs include adapting existing industries to future markets, restructuring production, and increasing the share of small and medium companies that make high-quality products. Clusters in the third group of ICTs require an audit to determine whether providing them with further public support would be sensible. The limitations of our applied approach are due to the lack of statistical data, which significantly varies depending on the industry and company size. The bigger the company, the more official data about it available (all other conditions being equal). No data on many small and micro-companies' revenues and employment figures are available, the category to which most companies in the high-tech and emerging industries belong. Therefore, in our calculations we had to use data about all firms, not just small and medium ones. Arguably, the presence of large companies in a given region also enables clusters to be formed because of the emergence of spin-offs and the demand the former generate for small businesses' products. Certain errors arise with attributing ITCs to the OKVED classification of economic activity types. Many companies are classified as specializing in traditional industries although in fact they manufacture innovative products. For example, biotechnology companies engaged in genetic engineering are classified as producers of agricultural products. The opposite may also be true: many pharmaceutical firms, for example, are formally classified as high-tech companies, although they make no innovative products and actually make packaging for medicines. Furthermore, we also lack data for industries connected with national defence (e.g. shipbuilding, nuclear energy, production of communication equipment, etc.), which makes it impossible to apply our methodology to study clustering processes in these sectors. In our calculations, we used the official registration addresses of legal entities and not the actual locations of production facilities. Hence, the city of Moscow's leading position as the Russian region with the highest clustering potential in certain industries is rather speculative. In future, we intend to further develop our methodology by analysing the activities of educational and R&D organizations in clusters' industrial specializations, and by assessing the links between various organizations. This would involve further research of cluster initiatives, including on the basis of the results of the above-mentioned 'Cluster Initiatives Map' project coordinated by the HSE.
